Abstract: Demand for use of natural additives such as nutraceuticals, antioxidants, coloring and flavoring matter is continuously increasing world over. It is due to nutritional awareness among the masses and belief that most of the natural products are safe for human consumption. Interest has been shown recently on the use of natural antioxidants from oil seeds. Hence, oils obtained from sesame (Sesamum indicum) had been utilized for this purpose. Oils were thermally treated (T) to enhance the sesamol content from 4,900 to 9,500 ppm. A portion of resultant oil had been extracted with ethanol in a controlled conditions to yield a concentrate (ESSO-T) with sesamol content of 28,500 ppm. Whereas another portion after silica gel column separation yielded a concentrate (SSO-TFII) with sesamol content of 27,100 ppm. Refined sunflower oil without antioxidant was mixed with ESSO-T and SSO-TFII separately at the level of 2,000, 1,000, 500 and 200 ppm and its storage stability assessed was at ambient (22-28 ) and elevated (37 ) temperatures. Peroxide value (PV) and Free Fatty Acid content (FFA) of samples were estimated at intervals of 2 weeks for a total storage period of 12 weeks. Results indicated that ESSO-T at the level of 500 ppm had maximum protective effect on refined sunflower oil, where PV and FFA were found ranging between 2.1 to 5.9 and 0.10 to 0.15%; and 4.1 to 9.8 and 0.11 to 0.21% for samples stored at ambient and elevated conditions respectively. The storage stability of this sample was very close to the storage stability of sunflower oil containing TBHQ at 200 ppm. Comparatively in sunflower oil without antioxidant PV and FFA had gone up from 2.0 to 45.4 and 0.11 to 1.3% at ambient and 2.0 to 56.4 and 0.11 to 2.8% at elevated temperatures.
INTRODUCTION
Interest in natural antioxidants has increased world over during the last decade. These antioxidants have the potential to inhibit or slow down the formation of free radicals and terminate the propogation step during lipid oxidation 1) . Most of the plant antioxidants include carotinoids, polyphenols, ascorbic acid, tocols and nitrogen containing alkaloids [2] [3] [4] . They have gained importance due to their beneficial role in preventing chronic diseases 5, 6) . The beneficial effects of sesame seeds (Sesamum indicum) as a source of antioxidant 7) and also as health promoting factor including disease prevention, has been well documented 8, 9) . The phenolic acid in sesame include trans-caffeic, trans-pcoumaric and trans-ferulic acids in decreasing order of content. However, vanillic, synergic, sinapic and o-coumaric acid were also found in trans 10) . Two lignans, sesamin and sesamolin, which are precursors to sesamol are also found in crude sesame oil up to an extent of 0.5%.
Oil seeds serve as a main source of edible vegetable oils including essential fatty acids belong to both omega-3 and omega-6 fatty acids. Oil seeds contain minor components in both their oil and oil seed cakes. The minor components belong to a variety of compounds which are often bioactive. These include phenolics and polyphenolic, tocopherols, tocotrienols, phytates, phytosterols, lignans, carotenoids etc. Phenolic compounds, which are part of lignan molecules, are generally the most powerful antioxidant/nutraceuticals. In general the type of phenolics and their substitution pattern determine the antioxidant activity of molecules involved. In oil seeds presence of a sec-ondary hydroxyl or methoxy group in ortho-or para -position of benzoic acid derivatives, phenyl propanoids or flavonoids or lignan molecule enhance the antioxidant property of there molecules.
Oilseed cake which is a by-product of oil milling industry is mainly used as a cattle feed. However, it carries about 15-20% of the oil which can be retrieved before it can be diverted for any non food use. Efforts have been made in our laboratory to utilize the residual oil from sesame seed cake and also crude sesame seed oil available in the market to isolate natural antioxidant concentrate (rich in sesamol) that can be used to stabilize relatively less stable edible vegetable oil. In this study, refined sunflower oil without synthetic antioxidant was admixed with varied amounts of these concentrates and their protective effect on sunflower oil was monitored during storage at ambient and elevated temperatures.
EXPERIMENTAL
Sesame seeds, cakes and oil (Edhayam brand Tamil Nadu) were procured from the local market. Refined sunflower oil without and with TBHQ were obtained from local oil mill. Ethyl alcohol was distilled, subsequently made aldehyde free and redistilled before use. Standard sesamol was purchased from Himedia Laboratories India. Silica gel for column chromatography (60-120 mesh) was from the Qualigens fine chemicals, Bombay. Rest of the chemicals and solvents were of Analytical Reagent grade.
1
Sesame seeds/cake (500 g) was manually powdered in a mortar and pestle, and packed in an extraction thimble. The thimble was placed in a soxhlet extractor and extraction was done for 12 h using petroleum ether (b.p. 40-60 ). The oil was obtained by removing the solvent under vacuum. The oil thus obtained was given heat treatment and subsequently antioxidant concentrate was isolated using ethanol as per protocol developed by us where antioxidant concentrates were isolated form oil seed cakes 11) . Another portion of thermally treated sesame seed oil was loaded on a silica gel column which yielded antioxidant concentrate after a controlled elution as per above protocol.
2
Antioxidant concentrates namely ESSO-T (Ethanol extract of thermally treated sesame seed oil) and SSO-TFII (Second fraction obtained by silica gel column chromatography of thermally treated sesame seed oil.) in four different concentration i.e. 2000, 1000, 500 and 200 mg per kg were taken separately in ethyl alcohol. Sunflower oil (200 g) without synthetic antioxidant (TBHQ) was taken separately for each concentration in a clean dry round bottom flask and heated up to 100 . Ethanol solution of the antioxidant concentrate was added to the hot sunflower oil in the round bottom flask and solvent was removed using vacuum flash evaporator, resulting in fortified sunflower oil. One set each of fortified sunflower oil samples in amber color glass bottles were stored at room temperature (22-28 ) and elevated temperature (37 ).
3
Estimation of sesamol was done with the Villevocchia Boudouin reaction 12) , which depends on the release of sesamol from sesamolin, present in sesame oil, by acid hydrolysis and its subsequent condensation with furfuraldehyde to generate a pink colored complex. This basic reaction has been standardized by using an alcoholic solution of furfuraldehyde (2% furfuraldehyde in 95% ethyl alcohol). The pink colored complex thus formed had absorbance at 520 nm. Further a spectrophotometric method was standardized in which 5 mL of oil, 5 mL of concentrated hydrochloric acid and 5 mL of furfural solution were mixed together and shaken to give a pink color complex. The acid layer got separated on standing. The absorbance of pink colored acid layer was recorded at 520 nm. A preconstructed calibration curve was used to calculate the amount of sesamol present in the oil. Rest of the procedure followed as described earlier 13) .
4
Free fatty acid content and peroxide value of control and fortified vegetable oils stored at different conditions to check the antioxidant efficacy of concentrates were determined by AOCS procedures 14) . All the values were average value of five replications.
5
Data (5 replicates) were subjected to statistical analysis of variance(ANOVA) and Duncan's Multiple Range Test (DMRT) was applied to differentiate among the means of different samples at a probability of (p equal or less than 0.05).
RESULTS AND DISCUSSION
As reported earlier 15) , sesame seed oil is rich in sesamol. Hence, the oil as such (SSO), the thermally treated oil (SSO-T), the antioxidant concentrate extracted from the oil using solvent (ESSO-T) and antioxidant concentrate fractionated from the oil (SSO-TFII) were subjected for sesamol estimation. Results presented in show that after the thermal treatment of sesame seed oil, the sesamol content of treated oil was almost doubled. But after extraction and fractionation of treated sesame seed oil, the sesamol content of concentrates had increased to 5 and 6 fold respectively. Work in the direction of stabilization of edible oils using natural extractives and assessment of the oxidative stability of frying/cooking oils fortified with such extractives have been attempted by a few workers [16] [17] [18] [19] . Which included oxidative stabilization of cold pressed sunflower oil using phenolic compounds of the same seeds and stabilization of edible oil using Ajowan (Carum copticum) seed extract. But the concentrate used in this study has not been tried so far.
1
Refined sunflower oil without TBHQ (a synthetic antioxidant) was fortified with ESSO-T and SSO-TFII separately at the 2000, 1000, 500 and 200 ppm level each using the protocol as described in experimental section. Both set of fortified oils were stored in amber color glass bottles, to cut down the defused sunlight, at room temperature (22-28 ) and elevated temperature (37 ). These oils were stored for a period of 12 weeks and samples drawn for analysis every 2 weeks. Two oxidative rancidity parameters namely peroxide value and free fatty acid percent have been determined as peroxide value estimates the extent of primary oxidation and free fatty acids extent of secondary oxidation taking place at ambient and elevated temperatures during storage. Results are given in , , , and . Peroxides and hydroperoxides are the primary oxidation products of oxidative rancidity where oxygen reacts with unsaturated fatty acids in triglyceride in the presence of heat and light. This primary oxidation route can be inhibited by the intervention of either synthetic antioxidant (TBHQ) or by natural antioxidants like phenolic acid (benzene with a hydroxyl group) or phenolic acid based antioxidants. The phenolic moiety acts as a free radical quencher. If such an intervention is not provided the secondary oxidation route starts producing aldehydes, ketones and termination occurs at the free fatty acids formation stage. This makes peroxide value (PV) and free fatty acids (FFA) as a reliable assessment of oxidative rancidity of oils during storage. Roasted sesame seed oil had characteristic flavor and red brown color probably caused by the Maillar-type reaction during roasting. The anti oxidative activity increased mainly in proportion to the roasting temperature along with the brown color, indicating that some products of the roast reaction contributed to the antioxidative activity. Auto oxidation test on the ether and subsequent methanol extract of the sparingly roasted oil lindicated the each fraction alone was no so effective but a combination of the extract showed significant synergistic effect, and those of three or four fractions exhibited ever stronger activity. Thus, the very strong antioxidative activity of the roasted oil might result from the synergistic effect of the combination of effective factors such as sesamol produced from sesamolin, alpha-tocopherol, sesamin and roasted product like melanoidein [20] [21] [22] . Data presented in , , , and reveal antioxidant efficacy of that both the concentrates namely ESSO-T and SSO-TFII were very close to that of Tertiary Butylated Hydroxy Quinone (TBHQ). Although PV had shown variations corresponding to the amount of concentrates added to sunflower oil, the FFA contents were very close to each other irrespective of the amount of added concentrate. There was a gradual increase in PV during the course of storage period, but FFA was very low till eight weeks of storage and suddenly increased after 12 weeks due to onset of secondary oxidation reaction. As expected the oils showed higher extent of oxidative rancidity at elevated temperature compared to ambient temperature. Among the concentrates ESSO-T at the level of 500 ppm was found to have maximum protective effect during the 12 week period of storage at ambient and elevated temperatures. This sample at ambient and elevated temperature showed very low PV and FFA values ranging from 2.1 to 5.9 and 0.10 to 0.15%; and 4.1 to 9.8 and 0.11 to 0.21% respectively. These values were also very close to the values obtained for sunflower oil with TBHQ (200 ppm). However, sunflower oil without natural antioxidant showed increase in PV and FFA from 2.0 to 45.4 and 0.11 to 1.3% respectively at ambient conditions and from 2.0 to 56.4 and 0.11 to 2.8% respectively at elevated temperature for the same storage period. 
CONCLUSIONS
It can be concluded that highly potent antioxidant concentrate could be prepared from sesame seed/cake using a food grade organic solvent which could be incorporated in unsaturated oils like sunflower oil to protect it from oxidative rancidity during storage. Results indicated that protective effect of ESSO-T at the level of 500 ppm was comparable to that of TBHQ at 200 ppm level. 
